The aims of this review were to (1) identify and evaluate research evidence regarding the developmental outcomes of infants with congenital muscular torticollis (CMT) and (2) critically appraise and compare the outcomes of interventions targeting neck muscle extensibility and strength with those considering neck muscle function within the broader context of global infant development. Summary: An association between CMT and early developmental delay is supported by levels 3B, 4, and 5 evidence; no evidence was found of longer-term influences of CMT on the development of perceptual, cognitive, and motor skills. The effectiveness of passive manual stretching is supported by levels 2A, 3B, 4, and 5 evidence; no clear evidence was found of the effectiveness of developmentally supportive interventions. Conclusion: Controlled studies are needed to clarify the developmental consequences of CMT. (Pediatr Phys Ther 2010;22:378-383)
INTRODUCTION
Congenital muscular torticollis (CMT) is a common musculoskeletal impairment of infancy that emerges from unilateral tightness and shortening of the sternocleidomastoid (SCM) muscle, the pathogenesis of which remains to be fully clarified. 1 This unilateral tightness produces an asymmetrical positioning of the head in lateral flexion toward and rotation away from the affected SCM muscle, often in combination with mild extension of the upper cervical spine. [2] [3] [4] [5] [6] At a fundamental level, all therapeutic interventions for CMT aim to improve the extensibility and strength of the affected SCM muscle in an effort to reduce the likelihood for secondary impairments associated with prolonged positional asymmetry of the head, including permanent loss in neck mobility, deformational pla-giocephaly, scoliosis, and other compensatory structural asymmetries. 2, [6] [7] [8] [9] [10] [11] The most appropriate clinical intervention plan to achieve this therapeutic outcome, however, has been debated in clinical practice and research 8, 12 and remains unresolved.
At the center of this debate is the controversy concerning the "developmental meaning" of CMT. One therapeutic perspective considers CMT primarily from an orthopedic perspective, advocating for the early implementation of manual stretching and strengthening as a primary intervention. An opposing view argues the theoretical implications of CMT on global sensory-motor development and, more specifically, on an infant's ability to achieve active control over midline position, a key milestone of early developmental trajectory. 13 It has been postulated that the asymmetrical positioning of the head away from midline in CMT would place additional constraints on the organization of emerging equilibrium reactions, balance responses, and weight-shifting strategies necessary for transitioning from one posture to another, as well as perceptual-motor frames of reference for posture control and movement. 14-17−19 On the basis of this reasoning, therapists have argued for developmental outcomes to be considered more consistently in the evaluation and management of infants with CMT, including a suggestion to widen the eligibility criteria for early screening and intervention programs to include infants with CMT.
The implications of these 2 clinical perspectives for the therapeutic management of infants with CMT became apparent in a review of the clinical protocols that we conducted from representative children's treatment centers and hospitals within our catchment area. All clinical protocols included a detailed evaluation of neck range of motion (ROM) and strength, screening for plagiocephaly and facial asymmetry, as well as education of caregivers on CMT and the importance of stretching, active positioning, and sufficient "tummy" time in the management of their child's condition. Differences were evident, however, regarding the extent to which developmental outcomes were considered. In general, when CMT clinics were part of outpatient orthopedic services at hospitals, the orthopedic management of the condition prevailed, with developmental issues being addressed only in response to caregivers' concerns. In contrast, when interdisciplinary evaluation of infants with CMT was coordinated through physiotherapy services in children's treatment centers, developmental outcomes were considered as an implicit component of the management of the SCM muscle impairment. In 33% of clinical protocols reviewed, developmental outcomes were included in the criteria for discharge, along with resolution of neck muscle tightness and weakness, achievement of full range of cervical spine motion, attainment of educational goals with caregivers regarding positioning and exercise routine, and absence or resolution of plagiocephaly and facial asymmetry. The difficulty in justifying developmentally supportive interventions for infants with CMT to health care administrators, however, was noted in 2 of the care pathways reviewed. These included statements that the schedule of follow-up for developmental issues was at the discretion of the individual physiotherapists and was not supported by evidence-based guidelines.
In the absence of clearly defined criteria for the assessment of developmental outcomes in infants with CMT, clinicians must consider whether or not to accept CMT as a benign orthopedic condition of infancy that can be largely managed by parents using a home program of stretching, strengthening, and active positioning. Providing the necessary research evidence to inform clinical reasoning and practice is not straightforward, however, as we consider the limited opportunities for funding to support multicenter, randomized controlled trials (RCTs) and the competing research priorities in pediatrics. A strategic way forward may be to increase awareness of the clinical dilemma around the issue of best practice for infants with CMT and, thereby, promote a collaborative engagement of clinical and research communities in identifying strategies to develop an appropriate course of action. The first step, which forms the general aim of our review, is to critically appraise and compare the existing evidence for orthopedic-based and developmentally based interventions for CMT. Specifically, the goals of our scoping review were to (1) identify and evaluate research evidence regarding the developmental outcomes of infants with CMT and (2) critically appraise and compare the outcomes of interventions specifically targeting neck muscle extensibility and strength, and those considering neck muscle function within the broader context of global infant development.
METHODS
A scoping review of the literature was conducted using the framework described by Arksey and O'Malley. 20 The search strategy was created around 2 outcomes of specific interest: (1) measured developmental outcomes of infants with CMT and (2) theoretical foundations and measured therapeutic outcomes of clinical interventions for CMT. The search was limited to publications in English and French. Studies were identified by searching the following databases: MEDLINE, PubMed, AMED, CINAHL, and Cochrane databases. The key words and text search strategy were developed in consultation with a librarian and are outlined in the Table. Additional references were identified through manual citation search of the reference lists of all retrieved publications. The Google search engine was also used to identify health-related Web pages that presented information for parents and clinicians on the care and management of infants with CMT; key words from these sites were used in a focused search on specific intervention strategies. From this search, 3 additional German publications were identified regarding Tscharnuter Akademie for Motor Organization therapy; these articles were translated for us by Queen's University's Department of German Studies and included in our review. The search is complete to August, Week 1, 2010.
All comparative controlled trials, including RCTs, controlled clinical trials without randomization, casecontrol, and cohort studies were included. The quality of the retrieved studies was evaluated using the methods of Sackett et al 21 and categorized using the levels of evidence as defined by the Oxford Center for Evidence-based Medicine.
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RESULTS
Forty-eight peer-reviewed articles were identified and included in our critical appraisal. No RCTs or systematic reviews regarding the effectiveness of interventions for CMT were found. Evidence from noncontrolled intervention studies, descriptive single-case reports, and retrospective and prospective studies were included in this critical appraisal. One RCT was identified, 23 evaluating the effectiveness of a parent-focused program of exercise, positioning, and handling to treat infants with positional asymmetry not related to CMT. A review article on therapeutic strategies for torticollis and plagiocephaly 
An evidence-based care guideline for children aged 0 to 36 months was recently published by the Cincinnati Children's Hospital, 25 which included an agenda for future research.
DISCUSSION
Independent of the intervention approach advocated, there is an agreement that early diagnosis and intervention is necessary to optimize the functional outcomes of infants with CMT. A program of passive stretching exercises (PSE) is the most common form of treatment recommended for CMT 25, 26 and is considered to be safe when performed on infants before the age of 1 year. 27 The effectiveness of PSE has been evaluated using cohort, case series, and noncontrolled intervention studies, as well as by expert consensus. 8, 11, 24, 28, 29, 30 The recommendation for PSE in the early management of infants with CMT is, therefore, supported by levels 2A, 3B, 4, and 5A evidence. A therapeutic pathway based on current evidence is presented in the Figure. 
Appraisal of the Recommendation for PSE
The recommendation for PSE is however not without controversy. 6, 9, 26 It is important to first recognize that the measured outcomes used to demonstrate effectiveness in these studies were completely aligned with the intended goal of the intervention to improve SCM muscle extensibility: ROM of the cervical spine, residual head tilt, facial asymmetry, and ultrasound evidence of structural changes within the SCM muscle. 8, 11, 28, 29, 31, 32 Parent satisfaction with performing PSE and their opinion regarding the cosmetic outcome of treatment have also been considered in certain cases (eg, Cheng et al 8 ) . The absence of specific details regarding the parameters of stretching in most of these studies further challenges the integration of this research to clinical practice. In fact, controlled studies would be needed to determine the most effective program of PSE. 29 Passive stretching exercises can also result in SCM muscle rupture. Cheng et al 8 reported an incidence rate of SCM muscle rupture of 8% with PSE, typically occurring in infants with more severe cases of CMT: limitations in neck rotation of greater than 15
• before the age of 1 month. Passive stretching exercise is also upsetting for infants, causing pain and often being strongly resisted by the infant. 8, [33] [34] [35] No studies were identified, which specifically evaluated the effects of PSE on posture and movement control. There is, therefore, a need to clarify the developmental outcomes of infants with CMT to inform researchers on the most appropriate outcomes to use in evaluating treatment effectiveness.
Evidence of Developmental Delays in Infants With CMT
The gross motor (GM) function and cognitive development of 101 infants with a clinical diagnosis of CMT were assessed by Schertz et al 36 over a 1-year period. On initial assessment at 2.9 months (SD = 1.5), the GM function of 34.6% of these infants (95% CI = 25.5%-44.8%) was assessed to be below normal range on the Alberta Infant Motor Scale (AIMS). The rate of GM delay in this cohort of infants with CMT is distinctively higher than the 9% rate reported for the general population in the Millennium Cohort Study. 37 On follow-up at 12.8 months (SD = 3.6), 83 infants from the original cohort were available for reassessment: asymmetries in neck motions persisted in 13.3% of infants and 9.6% showed persisting delays in age-appropriate GM function. The Cognitive Adaptive Test/Clinical Linguistic and Auditory Milestone Scale assessment was administered to 66 infants from the original cohort of 101 at 14.4 months (SD = 4.8): cognitive function was below normal in 13.6% of infants, a rate that is similar to that of the general population.
Several issues need to be considered when appraising the findings of this study. 36 Foremost, the infants were participating in a program of physiotherapy, which is likely to bias the reported incidence of associated GM delay. In addition, the effects of infant positioning were not controlled in the statistical analysis, despite clear evidence that the amount of time that an infant spends in the prone position, either for sleep or during awake-time activities, is predictive of higher GM developmental outcomes from birth through 18 months. 38-42Ö hman et al 42 examined the issue of infant positioning on GM infant development specifically within the context of CMT.
Using a case-controlled experimental design, the AIMS scores of 82 infants with CMT were compared with the developmental scores of a control group of 40 healthy infants at 2, 6, and 10 months, with a final follow-up assessment at 18 months. AIMS outcomes were significantly lower for the infants in the CMT group at 2 months (P = .03) and 6 months (P = .05). A secondary statistical analysis was conducted to determine the effects of prone position on GM outcomes. Infants in the CMT group were found to spend less time in prone position when awake than the infants in the control group at 2 and 6 months (P = .02 at 6 months); by 10 months, 90% and 97% of infants in the CMT and control groups, respectively, were placed in prone position 3 or more times during the day while awake. Prone positioning significantly improved GM development measured on the AIMS (P ≤ .001) in both the CMT and control groups.Öhman et al 42 therefore proposed that CMT should be considered as a risk factor for GM developmental delay rather than as a causative factor.
The level 3B evidence from this study must, however, be appraised within the context of the high attrition rate of infants in the CMT group, with only 32 of 80 infants evaluated at the 6-month follow-up, and 25 of 80 at the 10-month follow-up. The second issue, whichÖhman et al. 41 discuss, regards the responsiveness of the AIMS to detect the effects of head posture asymmetry on GM infant development, particularly as the effects of this asymmetry are likely to be subtle and cumulative in nature. No other controlled studies were found regarding the GM development of infants with CMT. However, the association between CMT and GM developmental delay has been further discussed in the literature through case-study observations and expert perspectives on infant and child development, level 4 and 5B evidence. 17,18,33, Hylton 17 presented a biomechanical perspective on the association of CMT and midline control of posture, where the inability to move the head into a position of flexion (or chin tuck) in midline leads to an inefficient stabilization of the rib cage and shoulder girdle, which, in turn, disrupts the efficient recruitment of oblique abdominal muscles to stabilize midline posture. This biomechanical explanation is interesting as it lends itself well to targeted clinical interventions and measurable outcomes. The role of abdominal muscle activity in the development of postural control and movement has been examined in both typical and clinically atypical pediatric populations 19, 43, 44, 45 and these well-established experimental methods could be used to quantify muscle strategies used in postural and balance control in infants and young children with CMT.
Another perspective on impaired midline posture control addresses the effects of the resultant asymmetry on the developing sensory frame of reference for perception and action. The sensory information about positional symmetry that is provided during routine activities of infant care provides an essential frame of reference for the organization of emerging midline behaviors. 46 This organizing role of sensory information for action is well established in motor control theory and research. 47 The positional asymmetry of CMT could bias this sensory reference away from midline, with subsequent influences on emerging perceptual-motor coordination, 17 including eyeto-hand and hand-to-hand coordination. Again, these proposed effects have not been quantitatively evaluated and controlled studies would be needed to fully appreciate the influence of CMT on the developmental trajectory of posture control and sensory-motor coordination. In addition, a longer follow-up of infants with CMT could provide insight regarding the cumulative influences of early positional asymmetry on global child development, including perceptual-cognitive skills. 48 It has also been proposed that the developmental delays attributed to CMT may in fact be reflective of a more global central nervous system disorder. This view is substantiated to a certain degree by Schertz et al, 36 who reported that infants at highest risk for developmental delay in their prospective study were those with positional torticollis in whom the asymmetry in head position was not related to a demonstrable impairment in SCM muscle structure and function. Similarly, Miller and Clarren 49 evaluated the long-term developmental outcome of 63 children with persisting deformational plagiocephaly at school age. Of these 63 children, 39.7% had received special education assistance in their early school years, as well as physical, occupational, or speech therapy. These delays in global development could not be anticipated from developmental assessment in infancy and reveal negative developmental outcomes long after the CMT has resolved.
Importance of Considering Developmental Outcomes
The importance of considering developmental outcomes of CMT is supported by the limited existing research evidence. The prevalence of asymmetrical restrictions in cervical ROM of infants, which has been estimated to be as high as 1 in 6 infants by Stellwagen et al, 50 in a cohort of 102 healthy newborns, and the increasing prevalence of asymmetrical restrictions in neck motion persisting beyond infancy associated to the implementation of the "Back to Sleep" campaign to reduce the risk for sudden infant death, 2,10,51 further emphasize the need for controlled studies regarding the developmental outcomes of CMT. Boere-Boonekamp and van der Linder-Kuiper 2 have advocated for referral of all infants with asymmetry in head position to physiotherapy to facilitate the development of symmetrical posture control and movement. Without appropriate research evidence, however, it is unlikely that this recommendation would be accepted, particularly within the current context of pediatric rehabilitation. From a research perspective, the recent increase in infants with positional asymmetry could provide a unique opportunity to establish a developmental profile of these children from birth through school age.
From a therapeutic perspective, the implementation of a comprehensive approach grounded in the principles of neurophysiology and sensorimotor development has been proposed as a possible effective alternative to manual muscle stretching for the early treatment of infants with CMT. 14, 15, 52 Such an approach would take advantage of neural mechanisms of reciprocal inhibition to improve flexibility of the affected SCM muscle through active movements, use positioning and active movement to improve the strength of the affected SCM muscle for function, promote GM activity to facilitate the appropriate function of the affected SCM in the control of posture and movement, and use the dominant role of vision 17 to improve visual engagement, fixation, tracking, and active head turning to integrate function into sensory-motor control. The role of complementary therapies such as massage, taping, and the judicious use of botulinum toxin type-A 53,54 to achieve these goals should also be explored.
CONCLUSION
Our review supports therapists' position that CMT should be considered within the broader perspective of infant development. We have identified the need for a rigorous scientific approach to provide higher-level evidence to clearly determine the effects of early head posture asymmetries on the development of sensory-motor coordination and, possibly, global child development. This scientific approach would go beyond relying on expert knowledge and views to provide unbiased information for the design and implementation of comprehensive clinical guidelines for infants with CMT.
